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Figure 4. Phosphorylation of Akt after treated with t-BHP Normal chondrocytes.Ă
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ENCAPSULATION OF CHONDROCYTES IN PHYSIOLOGICALLY-STIFF
AGAROSE
A. Jutila, Z. Donald, B. Stu, R. June. Montana State Univ., Bozeman, MT,
USA
Purpose: The cellular microenvironment contains insoluble matrix,
soluble signals and nutrients, and extracellular water, to maintain cell
and tissue homeostasis. Articular chondrocytes reside within a peri-
cellular matrix (PCM) deﬁning their immediate surroundings and
providing both molecular and mechanical signals. One biomechanical
cue, which alters cellular phenotype is stiffness, which is provided by
the PCM. Differences in PCM stiffness have been found between
normal and osteoarthritic chondrons, with measured values of w25-
200 kPa. The objective of this study was to test the hypothesis that
cultured chondrocytes can be encapsulated in high-concentration
agarose gels of physiological stiffness. Our novel results suggest that
agarose can provide a 3D microenvironment capable of both main-
taining cellular viability and mimicking the PCM stiffness of both
normal and OA tissue.
Methods: Cylindrical agarose gels were prepared in PBS and main-
tained at 4C until mechanical testing (<48 hours) when samples were
compressed in increments of 4% nominal compression followed by 2
hours of stress-relaxation through 16% ﬁnal compression. Nominal
stresses were calculated by dividing the load by the measured cross
sectional area. Linear regression was used to determine dynamic and
equilibrium stiffness values from the stress (peak and equilibrium) and
strain data.
SW1353 chondrocytic cells were grown in DMEM with 10% calf serum
and antibiotics. Cells were trypsinized, counted, pelleted (600 x g, 7
minutes), and resuspended in media at 3 x 10^6 cells / mL (11X).
Agarose was dissolved in PBS at 1.1X (4.4% w / v). Cell suspensions and
agarose solutions were mixed prior to casting at 25C for 10 minutes
before incubation in tissue culture (37C, 5% CO2, DMEM with 10%
serum and antibiotics). Viability was assessed after 24 hours in tissue
culture by incubating cells in 50 mg / mL propidium iodide (PI) and 5 mM
Calcein-AM in PBS for 1 hour. Samples were imaged in PBS on a Leica
SP5 upright confocal microscope using a 25X submersible objective.
Cells were counted using Leica software following thresholding.
Statistical analyses were performedwith an a priori signiﬁcance level of
a¼0.05.
Results: A signiﬁcant relationship was found between the stiffness and
gel concentration (Figure 1, Dynamic: r ¼ 0.79. Equilibrium: r ¼ 0.92
Both p< 0.001, n¼ 5). We achieved agarose equilibrium stiffness values
as large as 51.3 kPa (Figure 1). At 4.0% agarose, we found equilibrium
moduli of 34.3 +/- 1.65 kPa, and at 4.5% agarose, we found equilibrium
moduli of 35.7 +/- 0.95 kPa. Imaging revealed high viability (Figure 2),
and 95% conﬁdence intervals for the number of PI positive nuclei upon
detergent addition were not location-speciﬁc indicating that the
methods resulted in an even spatial distribution of cells. Furthermore,
we found no viability differences between regions. Overall viability was
94.0  1.0% (n¼3).
Conclusions: These data demonstrate the feasibility of encapsulating
chondrocytic cells in agarose of physiological stiffness. Because the
stiffness of the pericellular matrix is affected by osteoarthritis these
methods provide a foundation for both improving the physiological
relevance of in vitro culture systems and applying mechanical loads to
chondrocytes.242
REVERSAL OF THE NEGATIVE EFFECTS OF TGFb1 ON HUMAN
ARTICULAR CHONDROCYTES BY PKCd INHIBITION WITH ROTTLERIN
L. Lugo y, S. Piera-Velazquez z, G. Herrero-Beaumont y, S.A.
Jimenez z. y IIS-Fundación Jiménez Díaz, Madrid, Spain; z Thomas
Jefferson Univ., Philadelphia, PA, USA
Purpose: Rottlerin (ROT), a natural plant polyphenol, displays potent
and highly selective inhibition of PKCd. Extensive genomic, proteomic,
and cell signaling studies revealed that ROT may excert anti-oxidant
and anti-inﬂammatory effects but the mechanisms responsible are not
known. Other studies have suggested that both PKCd and TGFb1
signaling can modulate the expression of extracellular matrix proteins
(ECM) as well as ROS production. However TGFb1 and PKCd signaling
interactions in human chondrocytes have not been thoroughly
Figure 1. Graph of percent of cells responding as a function of TGF-b or vehicular
control concentration. “a” indicates a signiﬁcant (p<0.01) difference when compared
to respective control.
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TGFb1 and PKCd regarding oxidative stress and differentiation and
expression of genes encoding ECM.
Methods: Human articular chondrocytes were isolated from osteoar-
thritis (OA) patients undergoing total knee arthroplasty. Following
conﬂuence, the cells were cultured for 24h with either TGFb (10ng/ml),
TGFb+ROT (5mM) or ROT alone. The expression of genes encoding ECM
proteins and proteins involved in cellular differentiation including
types I, II and X collagens, aggrecan, Sox9 and Twist1 were evaluated by
semi-quantitative real-time PCR. Collagen content secreted into the
culture media and the amount of aggrecan in the cell extracts were
analyzed by Western blots. Toluidine blue staining was used to analyze
proteoglycan accumulation in the cultures. Detection of ROS to assess
the oxidative stress levels in vitro was performed using a superoxide-
sensitive ﬂuorescent dye.
Results: The total levels of ROS in the cultured chondrocytes were
markedly increased by TGFb1 treatment and this effect was reversed by
ROT. TGFb1 alone increased signiﬁcantly the expression of COL1, COL10
and COMP, but reduced the expression of COL2, aggrecan and Twist
compared with controls. ROT abrogated and counteracted the gene
expression effects of TGFb1. Fyrshεrmorε, the increase of COL1 in the
media observed after incubation with TGFb was reversed by ROT and
toluidine blue staining showed that ROT reversed the reduction of
proteoglycan production induced by TGFb incubation. The TGFb1-
induced reduction in levels of aggrecan in cell extracts analyzed by
western blot was also reversed by ROT.
Conclusion: These results indicate that TGFb induced deleterious
effects on chondrocyte expression of genes encoding matrix proteins
and proteins involved in differentiation processes as well as a potent
increase in oxidative stress evidenced by elevated ROS levels in human
adult articular chondrocytes. These deleterious effects were reversed by
ROT, indicating that some of these effects are mediated by PKCd. Thus,
these results suggest that speciﬁc inhibition of PKCd may be beneﬁcial
for OA.243
TRANSFORMING GROWTH FACTOR-b ELICITS A CALCIUM RESPONSE
IN CHONDROCYTES EX VIVO
R. Parekh, A. Clark. The Univ. of Calgary, Calgary, AB, Canada
Purpose: Chondrocytes are responsible for maintaining the extracel-
lular matrix of articular cartilage. With osteoarthritis, articular carti-
lage is often degraded as a result of an imbalance between
inﬂammatory mediators such as interleukin-1 (IL-1) and growth
factors such as transforming growth factor-b (TGF-b). TGF-b is found
in the synovial ﬂuid of human osteoarthritic joints (10.1 ng/mL) in
addition to inﬂammatory factors. An intracellular calcium ﬂux ([Ca2+]i)
is one of the ﬁrst biological responses of chondrocytes to perturba-
tions in the extracellular matrix and can be measured in real time
using ex vivo confocal microscopy. The [Ca2+]i response of ex vivo
murine chondrocytes has been measured in response to IL-1 and was
found to be dose independent with 30% of cells signaling at concen-
trations at or above 1 ng/mL. The [Ca2+]i response of chondrocytes to
TGF-b however is unknown. Therefore, the purpose of this study is to
investigate the [Ca2+]i response of chondrocytes to TGF-b ex vivo. We
hypothesize that chondrocytes will respond to TGF-b in a dose inde-
pendent manner.
Methods: Intact femora from skeletally mature mice (age¼16819
days, mass¼305 g (meansd)) were attached to glass coverslips in
a heated perfusion chamber at 371C. Femora were incubated with
Fluo-4 (15 mM) and Fura Red (60 mM) calcium sensitive dyes. Confocal
images (512x512 pixels) were collected (Olympus BX61W1) with
a 40X water immersion lens and an excitation wavelength of 488 nm.
Control media (300mOsm, pH 7.4) was withdrawn and replaced with
TGF-b or vehicular control (4 mM HCl, 0.15% BSA). Cells were analyzed
(MATLAB) with a signiﬁcant [Ca2+]i response deﬁned as an increase in
the ﬂuorescence ratio of Fluo-4/Fura Red greater than 3.5 standard
deviations above the mean ﬂuctuation during control images. The
percentage of cells responding with single or multiple [Ca2+]i ﬂuxes was
determined (c2).
Results: 40% of wild-type chondrocytes responded with [Ca2+]i when
exposed to 1 or 5 ng/mL TGF-b, signiﬁcantly (p<0.01) more than
vehicular controls (Fig 1). At 0.1 ng/mL TGF- b, there was no signiﬁcant
(p>0.05) difference between the percent of cells responding when
compared to the corresponding vehicular control (Fig 1).Conclusions: 1 ng/mL is the threshold concentration of TGF-b neces-
sary for initiating a [Ca2+]i ﬂux in murine chondrocytes ex vivo. At or
above 1ng/mL, it is likely that the chondrocyte TGF-b receptor is acti-
vated. The [Ca2+]i ﬂux response to TGF-b is largely accounted for by
multiple calcium signals which likely indicates the involvement of
[Ca2+]i from internal stores. Interestingly, when measuring chondrocyte
[Ca2+]i response to IL-1 using an identical experimental approach, the
threshold concentration was also 1 ng/mL and the response primarily
multiple calcium signals.
Studies measuring chondrocyte biological response using collagen
assays, ELISA, and PCR have shown a dose dependent relationship with
TGF-b. These data together with the present study may suggest that the
increased biological response of chondrocytes with TGF-b concentra-
tion is due to a larger or prolonged response from the same cells, not an
increase in the number of cells responding. Alternatively, the ﬁnal
concentration of TGF-b experienced by the chondrocytes in the present
study may have been lower than the infused concentration due to the
presence of the extracellular matrix.
In agreementwith our hypothesis the biological activity of chondrocytes
ex vivo is altered by the presence of TGF-b in a dose independentmanner,
and may play an important role in the initiation and progression of
osteoarthritis. Using integrin a1-null mice, we can now investigate the
role of integrin a1b1 in chondrocyte transduction of TGF-b.
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THE ROLE OF GLYCOGEN SYNTHASE KINASE-3 IN LIMB
DEVELOPMENT AND PATTERNING
L.A. Aubrey, J.R. Gillespie, J.R. Bush, F. Beier. The Univ. of Western Ontario,
London, ON, Canada
A. Purpose: The purpose of my study is to characterize how the loss of
a multifunctional serine/threonine protein kinse (GSK-3) will effect
both the patterning and development of themouse limb bud using an in
vivo and in vitro system. It is of great value to understand limb bud
development, because adult skeletal diseases such as osteoarthritis
show a clear connection to skeletal development.
Since GSK-3b is a major regulator of canonical Wnt signaling and since
Wnt signaling is important in limb development, I will test whether this
pathway is affected in mutants (for example by examining expression
levels and subcellular localization of b-catenin).
B. Methods: I utilized amouse model that incorporates a Prx1 promoter
to drive expression of Cre recombinase so to inactivate GSK-3b
